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INTRODUCTION 

'Phis study w i l l  be conducted on the  ionospheric cur ren ts  

i n  high l a t i t u d e  regions.  Average hourly values of the components 

of the  e a r t h ' s  magnetic f i e l d  w i l l  be used. These values were 

ca lcula ted from records taken from s t a t i o n s  , p a r t i c u l a r l y  

during the  In te rna t iona l  Geophysic Year. ( f i g .  1)  . 
From the da t a  given, i t  w i l l  be shown how information on the  

-?r average hourly values I of the  dens i t i e s  o f  current  a t  the zeni th  

of the s t a t i ons  u t i l i z e d  can be obtained. The proper t ies  o f  the  
-@ 
i vector w i l l  be s tbdied.  The' I parameter, average of the  24 

hourly values of 171 f o r  a given day, was introduced by Lebeau 

(1965). This w i l l  be ca lcula ted and h i s  cor re la t ions  with Ap w i l l  

be s tudied f o r  d i f f e r e n t  s t a t i ons .  

") The densi ty  o f  the  zen i tha l  current  1 from average hourly 

values of  the  hor izon ta l  components of  the  t o t a l  magnetic f i e l d  

w i l l  be ar r ived a t  i n  the  f i r s t  s tage of t h i s  paper. It w i l l  be 

necessary therefore  t o  s t a t e  the r e l a t i o n  between the  densi ty of 

the cur ren t  and a f i e l d  disturbance a and t o  ca lcu la te  the value of  

49 an undisturbed f i e l d ,  i . e . ,  the value which w i l l  occur f o r  nu1 1. 



Fig. 1 Positions of the Antarctic stations studied. 



Table 1 Values of  the, p r i n c i p l e  parameters r e l a t i v e  t o  t h e  
s t a t  ions s tudied .  

Table 1 legend: 1- Symbol; 2-  Geographic l a t i t u d e ;  3- Magnetic 
c o l a t i t u d e ;  4- Local time from l o c a l  noon; 5- Magnetic time from 
magnetic noon 

F i g ,  2 Components o f  the magnetic f i e l d  . 



CHAPTER 1 

Def in i t ions  and n o t a t i o n s  

1, The E a r t h ' s  magnetic f i e l d :  

Three components of  the  e a r t h ' s  magnetic f i e l d  a r e  recorded 

i n  a coninuum by severa l  obse rva to r i e s  ( f i g .  2 ) :  

- e i t h e r  the  North, East  and v e r t i c a l  components, whose hourly 

average values w i l l  be assigned X i ,  Y i ,  Z i ,  where i des ignates  

the  hourly i n t e r v a l  o f  un ive r sa l  t ime,  

-or  the  i n t e n s i t y  of  the  hor izon ta l  f i e l d ,  the  d e c l i n a t i o n  

and the  v e r t i c a l  component, whose average hourly va lues  w i l l  be 

assigned H i ,  D i ,  Z i .  

The s t a t i o n s  whose d a t a  were used provided H ,  D ,  and Z ,  except 

i n  the  cases  of  Dumont d ' u r v i l l e  (DU) and Sco t t  Base (SB). The 

average hourly va lues  o f  H i  and D i  were sys temat ica l ly  converted 

t o  r ec tangu la r  components before c a l c u l a t i n g  the a r i thmet ic  averages.  

However r igorous ly  appl ied ,  t h i s  system does n o t  l ead  t o  t h e  average 

hourly value which would be derived from i n s t a n t  va lues  of  r e c -  

tangular  components; i t  i s  f e l t ,  however, t h a t  the  approximation 

obtained i s  s u f f i c i e n t .  

..go -9 
The vec tor  Vo, the average of n  Vj coplanary: 

- e i t h e r  by i t s  co-ordinates  i n  a  diagram r e l a t e d  t o  the  



-9 -?fr 
r ec tangu la r  axes X and Y: 

-or by i t s  extermity P ,  barycenter  of the  ex t remi t i e s  P j  of the  

-9 -9 
vec to r s  Vj ( 8 ~  = V) . 

3 .  Indexes 
1 

Except f o r  s p e c i f i c a t i o n s  t o  t h e  con t ra ry ,  the  fol lowing 

w i l l  be used: 

-from t h e  index o ,  values r e l a t i v e  t o  t h e  undisturbed f i e l d s ,  

the  i' and j indexes,  va lues  r e l a t i v e  
t4 

t o  t h e  i hour ly  

4 
i n t e r v a l  o f  t h e  j day i n  the  year ,  

-from the  j index only ,  t h e  va lues  r e l a t i v e  t o  the  averages 

+)1 made over the  24 hourly i n t e r v a l s  o f  the  j day, 

4% 
-from t h e  i index ,on ly ,  the  values r e l a t i v e  t o  the i hourly 

i n t e r v a l ,  averaged over a group o f  def ined days. 

I n  the  course of t h i s  s tudy,  t h e  r e l a t i o n s  t h a t  e x i s t  between 

t h e  observed X and Y magnitudes, looking f o r  the  l a w  which b e s t  

descr ibes  the  p o i n t s  r e p r e s e n t a t i v e  of t h e  observat ions i n  a 

rec tangu la r  diagram where one of t h e  magnitudes X i s  assigned 

t o  the  a b s c i s s a  and the o t h e r ,  Y, t o  the  o r d i n a t e ,  w i l l  be made 

p r e c i s e ,  Methods of  adjustment of  the  law t o  the  p o i n t s  of  t h e  

d i f f e r e n t  observa t ions  w i l l  be used according t o  t h e  na tu re  o f  



t h e  magnitudes to be compared. 

The co-ordinates  of  the  po in t s  observed i n  the  diagram, Xr, Y r ,  
-+ 

w i l l  be assigned t o  t h e  r ec tangu la r  axes X ,  3, whose o r i g i n  i s  

taken a t  the  barycenter  0 of the p o i n t s  of  observat ion.  

F i r s t  case:  

X r  i s  a known q u a n t i t y ,  whereas the  d i f fe rences  between Y r  

from t h e  unknown s t r a i g h t  l i n e  a r e  considered a s  u n c e r t a i n t i e s  

o f  measurement. The s t r a i g h t  l i n e  o f  the  l e a s t  squares i n  Y w i l l  

be t r aced ,  i . e . ,  t h e  s t r a i g h t  l i n e  so  t h a t  t h e  average quadra t i c  

1 11 d i f fe rence  i s  minimal ( f i g .  3 ) .  - x (YP - Y(x~) ) 2 
n n = l  
. - - - -- - 

Fig. 3 S t r a i g h t  l i n e  of t h e  l e a s t  squares 

The c a l c u l a t i o n  o f  the  c o e f f i c i e n t s  o f  t h i s  s t r a i g h t  l i n e  i s  

c l a s s i c ,  

-it goes through t h e  barycenter  O of the  p o i n t s  

- i t s  s lope i s  a = E X r Y r  
C X r 2  



-moreover, t h e  c o e f f i c i e n t  of c o r r e l a t i o n  i s  introduced 

Second case: X r  and Y r  a r e  a f f e c t e d  by u n c e r t a i n t i e s  of  the  same 

o rde r  and a r e  r e l a t i v e  t o  magnitudes a f  the  same o rde r .  The 

s t r a i g h t  l i n e  of  the  l e a s t  d i s t a n c e s ,  which i s  such t h a t  t h e  sum 

of  the  squares of t h e  Ecul id ian  d i s t a n c e s  o f  t h e  p o i n t s  (Xr, Y r )  

2 ( f i g .  4 )  d r  minimal, w i l l  be drawn. 

- .  
I 

Fig .  4 S t r a i g h t  l i n e  of  t h e  l e a s t  d i s t ances  

It w i l l  be demonstrated t h a t  i t  passes  through the  barycenter  

o f  t h e  po in t s .  The c a l c u l a t i o n  of  i t s  s lope  "a" l eads  t o  the  

r e l a t i o n :  

I (Annex 1 )  

A c o e f f i c i e n t  of c o r r e l a t i o n  analagous t o  the one defined 

f o r  the  s t r a i g h t  l i n e  o f  t h e  l e a s t  squares w i l l  be introduced. 



I n  c e r t a i n  cases ,  t h e  s t r a i g h t  l i n e  o f  the  l e a s t  d i s t ances  pass ing  

through a f ixed  p o i n t  o t h e r  than the  barycenter  w i l l  be used. 

Third case: X r  and Y r  a r e  a f f e c t e d  by u n c e r t a i n t i e s  of the  same 

o r d e r ,  but  they a r e  r e l a t i v e  t o  magnitudes of  a d i f f e r e n t  na tu re .  

The Eucl idian d i s t ance  from a po in t  (Xr, Yr) t o  a s t r a i g h t  l i n e ,  

* -9 
i n  t h e  diagram (X, Y)  no longer  has  any s ign i f i cance .  I n  f a c t ,  

a change o f  u n i t y  f o r  one o f  t h e  magnitudes corresponds t o  an 

a f f i n i t y  p a r a l l e l  t o  one of  i t s  axes,  i . e . ,  a geometric t r a n s -  

formation t h a t  does n o t  s t a y  perpendicular .  The s t r a i g h t  l i n e  of  

t h e  l e a s t  squares i n  Y and of the  l e a s t  squares i n  X w i l l  be looked 

f o r .  I f  these  two s t r a i g h t  l i n e s  have neighboring c o e f f i c i e n t s ,  

the  r e l a t i o n  w i l l  be descr ibed by one o r  the  o t h e r  o f  these  s t r a i g h t  

l i n e s .  I f  they have very  d i f f e r e n t  c o e f f i c i e n t s ,  r ep resen ta t ion  

by a l i n e a r  r e l a t i o n  w i l l  be considered impossible.  

5 .  F ie ld-current  r e l a t i o n :  

I n  o rde r  t o  pass  from the  dis turbance of  the  f i e l d  t o  t h e  

d e n s i t y  o f  the z e n i t h a l  c u r r e n t ,  which i s  supposed t o  br ing  i t  

about ,  a c e r t a i n  number of hypotheses a r e  indispensable .  On one 

hand, i t  i s  admitted t h a t  the  effe'ct o f  d i s t a n t  cu r ren t s  can be 

ignored compared wi th  t h a t  of the  c u r r e n t s  t h a t  c i r c u l a t e  i n  t h e  

ionosphere a t  the  l e v e l  o f  the  E region and i n  t h e  v i c i n i t y  o f  

t h e  s t a t i o n .  This  hypothesis  i s  n o t  unanimously accepted, b u t  

i t  genera l ly  i s  accepted t o  i n t e r p r e t  p o l a r  d is turbances .  On 



t h e  o t h e r  hand, t h e  e f f e c t  of g rad ien t s  i n  the  d e n s i t y  of  the  c u r r e n t  

i s  ignored and it i s  admitted t h a t  the  d is turbances  c rea ted  a t  

ground l e v e l  correspond t o  the  e f f e c t  o f  a shee t  of uniform and 

i n f i n i t e  c u r r e n t ,  having t h e  d e n s i t y  a t  the  applomb of  t h e  s t a t i o n  

f o r  i t s  dens i ty .  This hypothesis  would n o t  be acceptable  i n  t h e  

v i c i n i t y  o f  an e l e c t r o j e t ,  but  it is .  acceptable  i n  the  c e n t r a l  

-+ 
region  of  the p o l a r  cap where i does no t  p resen t  very acute  l o c a l  

g r a d i e n t s .  F i n a l l y  t h e  e f f e c t ' o f  c u r r e n t s  induced i n  t h e  ground 

can be ignored. Note t h a t  t h i s  e f f e c t  i s  very complicated. It 

depends i n  p a r t i c u l a r  on the  na tu re  of t h e  s u b s o i l  and on the  per iod  

of t h e  phenomenon being s tud ied .  However, i t  a f f e c t s  the  average 

hour ly  values of  any one s t a t i o n  i n  a r a t h e r  uniform way, and 

modif ies  the  v e r t i c a l  component above a l l .  It i s  admitted t h a t  

i n  a homogeneous s o i l  t h e  e f f e c t  i s  t h a t  t h e  modulus o f  t h e  f i e l d  

c r e a t e d  by a  k f a c t o r  g r e a t e r  than 1 (Chapman, 1940; F a i r c h i l d ,  1963) 

i s  mul t ip l i ed .  The e f f e c t  of inhomogeneities o f  t h e  subso i l  w i l l  

be ignored and the  k value,  which w i l l  be presumed t o  be the  same i n  

a l l  t h e  s t a t i o n s ,  w i l l  n o t  be s p e c i f i e d .  
IB 

Averaging these  hypotheses,  i and t h e  d i s t u r b a n c e 3 8  a r e  bound 

by a simple l o c a l  r e l a t i o n ;  -9 lf HI i s  propor t ional  t o  111 and the  

-B 
d i r e c t i o n  of  t h e  vec tor  &H i s  deduced from t h a t  of by a r o t a t i o n  

4' 
of +---- 

2 
(Fig ,  5) . 



sheet of  

I ground 

-a 
Fig,  5 hH disturbance created b a sheet of cur ren t  4 of a densi ty  of I. 

.1 
i w i l l  be used t o  express ??. A densi ty  of cur ren t  of ly 
i 

created by a disturbance of 1 by deEinition. 

i Noee t h a t  gamma (T)  i s  a un i ty  of magnetic f i e l d  equal t o  

1 

j l o m 5  oers ted ,  i . e . ,  i n  un i ty  S . I .  

Given t h a t  the r e l a t i o n  between the  sheet  of current  and the  

i f i e l d  created es tab l i shes  S . I .  i n  uni ty ,  i s  XH = - 2 , it i s  e a s i l y  
a 

seen tha t :  ' 



Determination of the  undisturbed 30 f i e l d  

I n  o rde r  t o  determine $ two d i f f e r e n t  methods were used, 

i 
I both based on h o u r i s t i c  hypotheses; they l e d  t o  s i m i l a r  r e s u l t s .  
J 

1 
i 

1. Method us ing  the  calmest  hours and calmest days: 

3 An at tempt  w i l l  be made t o  s e l c t  hours during which the undis- 5 
4 
1 
i turbed f i e l d  i s  d i r e c t l y  observed, i . e . ,  f o r  which t h e  z e n i t h a l  
! 

1 c u r r e n t  i s  n e g l i g i b l e .  Toward t h i s  end, t h e  hourly i n t e r v a l  which, 

f o r  t h e  group of days i n  1958 corresponds t o  the weakest d ispers ion  

-+ 
of t h e  H i j  v e c t o r s ,  w i l l  be determined f o r  each s t a t i o n .  The quan t i ty :  

I 

i 
(n = 365 i f  no observat ion  i s  missing) 

f 

i w i l l  d e f i n e  t h e  H i j  vec to r  d i spe r s ion .  Making the  hypothesis  t h a t  

1 * 
1 Eqi and I H ~  - H O ~  a r e  minimum a t  the  same time, the  undisturbed 

1 
I f i e l d  can be determined as an average,  taken on the  calmest days, 

i some f i e l d  vec to r s  corresponding t o  t h i s  hourly i n t e r v a l .  This  

va lue  w i l l  be noted Zl (Xol, Yol, Pol). 

1.1 Daily v a r i a t i o n  of Eqi: 

1 This  ca lcubat ion  was made f o r  two Arc t i c  s t a t i o n s  (Godham 
E 

(GO) and Thule (Th)) and f o r  e i g h t  Anta rc t i c  s t a t i o n s  o f  magnetic 



0 
c o l a t i t u d e  i n f e r i o r  t o  14. whose magnetic a c t i v i t y  was s tudied  

by Lebeau (1965) : (Vostok (Vo) , Dumont DrUrv i l l e  (DU) , Wilkes (Wk) , 

S c o t t  Base (SB) , Pioneerskaya (Po), Mirny (Mi), H a l l e t  (Ht)) . 
I 

I 
For each o f  t h e  s t a t i o n s  t h e  r e p r e s e n t a t i v e  curve o f  Eqi as a  

funct ion  of  the  hourly i n t e r v a l  (fig:6) p resen t s  a unique maximum 

whose Ha hour i s  c l o s e  t o  t h a t  of  l o c a l  noon L.  The values o f  

H a  and of  the  hourly i n t e r v a l  corresponding t o  t h e  minimum a r e  I -  

assembled i n  t a b l e  2. 

I The l a w  o f  r eg ress ion  of  H a  i n  funct ion  of  L g ives  the  follow- 

4 i n g  equat ion ( f i g .  7) : 
1 
I 

1 H a  = 1.097 L - 0.529 hour 
1 

3 Coef f i c i en t  of c o r r e l a t i o n  
I 

0.968 
I 

Average quadra t ic  d i f f e r e n c e  0:563 hour 

f 
5 The value of t h e  o rd ina te  a t  the  o r i g i n  i s  l e s s  than t h a t  o f  
i 

t h e  average quadra t ic  d i f ferenceand t h e  s lope o f  t h e  l a w  of  r eg res -  
! 
4 
1 s i o n  i s  i n  proximity t o  1; it may be concluded, t h e r e f o r e ,  t h a t  t h e  

--4? d i spe r s ion  of  the  H l j  vec to r s  i s  maximal a t  l o c a l  noon: 

H a  = L 

Lebeau (1965), studying the  magnetic a c t i v i t y  cha rac te r i zed  

1 
3 by t h e  K indexes y i e l d s  a very  d i f f e r e n t  r e s u l t ;  t h e  magnetic 
f 
I 

a c t i v i t y  i s  i n  f a c t  maximal a t  an H hour e q u i d i s t a n t  from l o c a l  
, 

noon and magnetic noon: 



1 I . .  . a  - - a .  1 -  - . - 1 . - . - - I . . . $  

1 4  5 AO AS a0 2b . , 

current vec 

I . .  . I . . . -  I . ' . .  I . ' . - '  1 > 
4 5 A0 AS 20 Lk 

S C O ~ ~  B ~ s r  

tor 



Table 2 Values of the Ha hour of the maximum of the Eqi dispersion 
and of the hourly interval i (minimum) for which the 
dispersion is minimal. 

Fig. 7 Value of Ha as a function of L. The straight l i n e  of 
least squares was drawn. 



i t  i s  des i rable  t o  s e l e c t  days where the  average densi ty  of  

the current  i s  weakest; these a re  the days f o r  which the I parameter 

i s  minimal. 

Unfortunately, the ca lcu la t ions  of I require  i n  p a r t i c u l a r  the  

knowledge of the zero of the  cur ren t .  This d i f f i c u l t y  i s  a l l ev i a t ed  

by the f a c t  t h a t  a g rea t  e r r o r  i n  the  ca lcu la t ion  of zero has l i t t l e  

e f f e c t  on the  value of I ,  and t h a t  a  good cor re la t ion  between the  

da i ly  values of I and the  corresponding values of the Ap planetary 
e 

index e x i s t s .  These two r e s u l t s  were obtained by Lebeau (1965) fo r  

the  Dumont D'Urville s t a t i o n .  For o ther  s t a t i o n s ,  the  cor re la t ions  

between I and Ap, made evident i n  the  work t h a t  follows, w i l l  b r ing 

about a j u s t i f i c a t i o n  a posteriori . .  

Calm days a r e  defined a s  those days f o r  which Kp i s  l e s s  

than lo0 .  There were 31 calm days i n  1958. 

Having defined calm days and the  calmest hourly i n t e r v a l s ,  

Xol and Y o l  whose values f o r  the d i f f e r e n t  s t a t i o n s  a r e  assembled 

i n  Table 4 ,  w i l l  be determined with regard t o  the r e s u l t s  obtained 

by the second method. 

of the horizontal  component w i l l  be defined a s  the 

broken l i n e  t h a t  jo ins ,  i n  order ,  the  24 points  P i  ext remit ies  of 

the  ?i vector.  For a  given s t a t i o n ,  hodographs r e l a t i v e  t o  c l a s se s  



of days of growing a c t i v i t y .  The c r i t e r i o n  of a c t i v i t y  i s  the  

value of Apj. Note t h a t  i t  c o r r e l a t e s  we l l  with t h e  average 

d a i l y  i n t e n s i t y  o f  Ij of the  ionospheric  c u r r e n t .  Ten c l a s s e s  of 

approximately 70 days,  which p a r t i a l l y  overlap and correspond t o  

growing values of  a c t i v i t y ,  were formed. 

Table 3 

Class 

Fsse 

Figures  --- 8.1  t o  8.10 show t h e  behavior o f  t h e  hodograph o f  

d i f f e r e n t  s t a t t o n s  i n  a funct ion  of the  a c t i v i t y .  As the  a c t i v i t y  

decreases ,  the  hodograph c o n t r a c t s  r egu la r ly ;  it may be p ro jec ted  

t h a t  a t  the  l i m i t ,  f o r  a p e r f e c t l y  nu1 a c t i v i t y ,  t h e  hodograph 

would be reduced t o  the  B, p o i n t ,  which r e p r e s e n t s  the  undisturbed 

- 
Value of Ap 

Valeur de Ap 

" . 

- 

1 
- - - -- ~UmbGrs of  the  1st and-las No. o f  days 

Numgros du premier e t  i'lombre de 
a u  d e r n i e r  jour  de j ours  
chaaue classe 

days of  each c l a s s  

2  2 6 ,  

5 A 7  

7  2 10 

9  2 1 2  

11 a 1 5  

1 3  2 1 8  

1 6  ' 2 2 3  

1 9  & 3 1  

23 2 48 . 

27 2 2 0 0  

-- - - - - - - 

1 7  1 

2  9  9 1  

7 2 1 4 8  
# 

1 1 0  1 7 9  . 

1 4 9  214 

1 8 0  2 4 5  

2 1 5  2 7 9  ' 

246 3 1 4  

27 5  3 4 0  

2 96. 36 5 

7  1 

6 2  

76  

5 9  

6 5 

6 5 

64  

6 8 

6 5 

6 9 

L - - --- - - -- 



North 

Figures  8 Determination s f  the  yaLue of  the ~ n d i s k u r b e d ~ f i e l d  by 
t h e  hodograph method. The 10 po ln t s  r e l a tbve  t o  the  var lous l e v e l s  
o f  a c t i v i t y  f o r  an hour ly  i n t e r v a l  a r e  ind ica ted  by t h e  same nef~lber 

Po2 i s  the  convergence p o i n t  of the  curves 
Pol corresponds t o  the  c a l c u l a t i o n  made by the  f i r s t  method, 



Fig. 8 . 3  





Fig. 8 . 8 





f i e l d .  Thus Po w i l l  be determined by ex t rapo la t ing  the  c o n t r a c t i o n  

of the  hodograph; t h i s  i s  a r r i v e d  a t  by drawing a  curve t h a t  goes 

through the 10 po in t s  t h a t  correspond t o  t h e  var ious l e v e l s  o f  

a c t i v i t y , . f o r  each hour. A t  b e s t ,  t he  p o i n t  a t  which the  24 curves 

thus  obtained f o r  each hodograph converge can be est imated.  Note 

Po2 (Xo2, Yop, T o 2 ) .  Note t h a t  i n  a l l  t h e  cases  s tud ied ,  t h e  

u n c e r t a i n t y  o f  the  Po2 p o s i t i o n  i s  l e s s  than lot; some c a l c u l a t i o n s  

made by d i f f e r e n t  opera to r s  never vary more than 1 0 ~ .  

The values of  Xo2 and Yo2 determined by t h i s  method a r e  

assembled i n  t a b l e  4. 

3 .  Comparison of the two methods: 

The value of  the undisturbed f i e l d  Ho w i l l  be def ined  as t h e  

va lue  determined by the  hodograph method: 

-2@ -+ 
Ho Ho2 

In  f a c t  the  l a t t e r  i s  a f f e c t e d  by an uncer t a in ty  which seems 

l e s s  than 1 0 ~  whereas i n  the r e s u l t s  obtained by the  f i r s t  method 

it i s  f e a r e d t h a t  a systematic  e r r o r  a t tached t o  t h e  ex i s t ence  o f  

a  r e s i d u a l  c u r r e n t  e x i s t s .  

The va lues  o f  the  d i f fe rence  between Pol and Po2 a r e  assembled 

i n  t a b l e  4; they show t h a t  the  convergence between the  two methods 

i s  e x c e l l e n t .  Noreover, i t  can be considered t h a t  a f r a c t i o n  o f  

t h i s  d i f f e rence  i s  due t o  a systematic  e r r o r ;  the  p rec i s ion  obta ined  

on Po i s  no doubt b e t t e r  than t h a t  which can be esi tmated from t h e  



Table 4 

values of . The point  Po w i l l  be assigned as  the  o r ig in .  
I 

The vector  corresponding t o  an hourly i n t e rva l  given i n  taking 

Po as the o r i g i n ,  and for  the coordinates axes, the X axes toward 

the  South, appears d i r e c t l y  on the hodograph ( f i g  . 9) . 
Fairchi ld  (1962) i n  an analagous experiment used the the  

average value of the  pa r t i cu l a r  day fo r  the  value of the  undisturbed 



North x 
hop& - - /r 

II -9 
Fig. 9 The vectors ii and H i  - 30 appear on the hodograph which 

must correspond t o  the axes: X ,  north and Y ,  eas t  fo r  the  
f i e l d  vecto;, X eas t  and Y south for  the current  vector. 

f i e l d  on a calm day, and fo r  an agitated day, he took the average 

value of the f i e l d  on a neighboring calm day. This method i s  highly 

subject to  cr i t ic ism.  I n  f a c t ,  Po i s  generally not the barycenter 

of the P i ,  even on a calm day. As an example, the position of the  

barycenter of the P i  on eight calm days i n  1958 (four of which 

are  c i t ed  i n  Fa i r f i e ld ' s  study) was determined. As seen in  f igure  10, 

they are  a t  a distance of 1 2  to  60T from the point Po sh i f ted  

systematically toward the zero i n  agi ta ted times. 



Y c a r  

Fig .  1 2  Relat ive average hodograph a t  Vostok. Da i ly  ro t a t i on  of 
the cur ren t  vector,  



CHAPTER 3 

The study of the dai ly  variat ion of the in tens i ty  and of 

9 the direct ion of the density of current 1 vector w i l l  be undertaken. 

t The components of 1 a re  immediately deducted from the components 
a 

of H, X and Y ,  whose values are recorded on d ig i t a l ine  tape fo r  15 

i 
{ s ta t ions  over a 29 year period. The format of the recordings and 
I 

I 
; the recapi tulat ing table  of the available data i s  described i n  
4 

i annex 2.  
4 
4 

? 
1. The study of the in tens i ty  of the density of the r current: 

1.1. Calculation of the intensi ty:  

The average annual in tens i ty  of i i corresponding to  the 

dk r hourly in te rva l  i s  the average of the in tens i t i e s  of the hourly 
i 
1 

i vectors. , - . 

1 n 
i 
! i = - I  1;. 1 I (n = 365 i f  no observation i s  missing) 
1 i n j Z l  3.1 
1 I .  - - - 
1 

The curve of var ia t ion of ii as a function of the hour for  
i 1 
i each of the s ta t ions  studied was drawn. The curves present a 
I 
I 
1 
I maximum in  the v ic in i ty  of loca l  noon ( f ig .  11.1 t o  11.10) . The 
I 
1 
, hour of the maximm in tens i ty  Hint, i s  calculated as  the abscissa 

of  The highest point of the parabola passing through the highest 

point and through to  points t h a t  surround it, 



Tbe e f f e c t  o f  an e r r o r  on the determination of the undisturbed 

f i e l d  was evaluated by bringing the ca lcu la t ioh  i n  a p a r a l l e l  way 

from the o r ig in  PQ,begins with the points  PE, PN, PW, PS, d i s t a n t s  

from Po of l o T  respect ively  i n  the  e a s t ,  nor th ,  west and south 

d i rec t ions .  The g r e a t e s t  s h i f t  AHint of the  hour of maximal r e s u l t s  

of one of these changes of o r ig in  i s  i n  a l l  cases l e s s  than a h a l f -  

hour. 

1 

t Ha l l e t  s t a t i o n  has pecul iar  p roper t i es ,  i n  s p i t e  of the f a c t  
i 

(i t h a t  i t  has a magnetic co la t i tude  of l e s s  than 14O. On one hand, 
: 
L 

the  va r i a t i on  curve of the  i n t ens i ty  a s  a function of the time 
I 

! presents  two d i s t i n e t  maximums of comparable importance ( f i g .  11.8) 

i 
On the  other  hand, the  average hodograph has the  appearance of an 

i 
d elongated oval ,  contrary t o  those of the o ther  s t a t i ons  i n  the  cen- 

4 
4 t r a l  regions of the  polar  caps, which a r e  almost c i r c u l a r .  It 
j 
f can be supposed t h a t  t h i s  l oca l  e f f e c t  i s  r e l a t ed  to  the  geographic 
3 

I pos i t ion  of Ha l l e t ,  which i s  s i t ua t ed  on the  coast  of the Antarct ic  

continent  a t  a point  where the d i rec t ion  of  t h i s  coas t  j u t s  i n  
3 
i 
3 sharply,  This s t a t i o n  w i l l  not  be considered i n  the average 
! 
4 
1 r e s u l t s  of the s t a t i ons  i n  the cen t r a l  region of the polar  caps. 
4 

Table 5 contains the r e s u l t s  r e l a t i v e  t o  the s t a t i ons  studied.  

The in t ens i ty  of the  densi ty  of the  cur ren ts  i s  maximal a t  

an hour c lose  t o  l oca l  noon. 



. + 

L. ---- sex' 1 













i 
i The d izference  Hint -% i s  super ior  t o  t h e  s h i f t  corresponding 
i 

t o  the  uncer t a in ty  of o r i g i n .  I t s  average value i n  modululus i s  

1.26 h .  I t s  r e l a t i v e  average value i s  - 0.86 hour.  
The H i n t  value 

i s  shown as a funct ion  of  L i n  . 
The divergence observed i s  n o t  sys temat ica l ly  d i r e c t e d  towards 

t h e  magnetic noon. Notice,  however, on the  curves r e l a t i v e  t o  

c e r t a i n  s t a t i o n s  (Du, - W k ,  SB, - Po, Th, Go, f i g u r e s  11 - 2 ,  - 3 ,  -4,  

-5, -9, -10) the  presence o f  a secondary maximum near  the  M hour.  
i 

I It i s  known t h a t  t h e  d a i l y  v a r i a t i o n  o f  the  magnetic a c t i v i t y  
r 
1 

1 i s  cha rac te r i zed  by a maximum a t  hour H e q u i d i s t a n t  between l o c a l  
1 
i 
3 
1 noon L and magnetic noon M. The r e s u l t s  thus obtained vary g r e a t l y  

i 
i from t h i s  behavior. I f  t h e  explanat ion proposed by Lebeau (1965) 
I 

t o  i n t e r p r e t  t h e  behavior o f  t h e  a c t i v i t y  descr ibed by the  K indexes: 

1 a c t i o n  combined wi th  a modulator mechanism, the v a r i a t i o n  of t h e  con- 
3 
1 
i 

d u c t i v i t y  o f  t h e  E reg ion ,  which tends t o  produce a maximum a t  

1 l o c a l  noon, and w i t h  an e x c i t a t o r  mechanism which r e a c t s  wi th  the  i 
I 
3 maximum i n t e n s i t y  a t  the hour of magnetic noon, i t  must be admitted 
3 1 
I t h a t  the  e f f e c t  of the  .modulator mechanism i s  heavy i n  t h e  d a i l y  

1 behavior of  11) . 
'1 

j 
1.3.  J u s t i f i c a t i o n  of  the hypotheses "Eqi v a r i e s  wi th  iin: 

The f i r s t  method o f  determining the o r i g i n  was based on t h e  

idea  t h a t  the  d i spe r s ion  o f  Eqi of t h e  f i e l d  vec to r  and the  average 
B 

i n t e n s i t y  ii were minimal a t  the  same time, The comparison o f  t h e  



d a i l y  v a r i a t i o n  curves of  E q  and i ( f i g u r e s  11.1 t o  11.10) j u s t i f i e s  
i i 

l a r g e l y  t h i s  hypothesis and b r ings  a remarkable c o r r e l a t i o n  r i g h t  
/ 

between these q u a n t i t i e s  i n t o  evidence. 

2 .  Study of  the  d i r e c t i o n  of the  dens i ty  vec to r  o f  the cu r ren t :  

The average c u r r e n t  v e c t o r  appears d i r e c t l y  on the  hodograph 
2 

beginning with t h e  o r i g i n  o f  Po. I t s  d i r e c t i o n  v a r i e s  a s  a funct ion  

2 of the  hour i n  a n e a r l y  uniform way ( f i g .  12 ,  p .  15 ) ; i t  seems t o  

1 approach the  d i r e c t i o n  o f  t h e  sun, t o  which it has  a l ready been 
I 

sys temat ica l ly  compared. The r o t a t i o n  of the  vec to r s  s tud ied  has 

been represented  i n  a diagram i n  which the  hour w a s  assigned t o  the 

1 a b s c i s s a  and t h e  d i r e c t i o n  o f  the  vec to r  t o  t h e  o r d i n a t e ,  counted 
1 

* 
p o s i t i v e l y  toward the  west.  The d a i l y  uniform r o t a t i o n  towards 

the  west w i l l  be represented  by a s t r a i g h t  l i n e  o f  the  s lope  

2.1. Azimuth of  t h e  sun: 
1 
1 The d a i l y  v a r i a t i o n  o f  t h e  azimuth of t h e  sun depends on t h e  

time of year and on the  l a t i t u d e  o f  the  s t a t i o n ;  t h i s  i s  n o t  t r u e  

a t  t h e  po les ,  however, where i n  a l l  seasons the  azimuth of  the  s u n  

v a r i e s  uniformly by 360' i n  24 hours.  

For the  s t a t i o n s  s tud ied  which were s t a t i o n s  i n  t h e  h igher  

l a t i t u d e s  it can  s t i l l  be considered t h a t  t h e  d a i l y  v a r i a t i o n  i s  

linear, in t he  f i r s t  approximation, 

Fig.  14 rep resen t s  the  exact  azimuth of t h e  sun a s  a funct ion  



Fig. 14 Exact values of  t h e  azimuth o f  the  sun a t  Oasis a t  the  
equinox ( s o l i d  l i n e ) ,  a t  t h e  s o l s t i c e  of June (do t t ed  l i n e )  and a t  
the  s o l s t i c e  of  December (dashes) .  



of the hour fo r  the equinox and the s o l s t i c e s  a t  the Basis s t a t i o n ,  

which i s  the lowest i n  geographic l a t i t u d e  of a l l  the s t a t i o n s  

studied (=66Oi6') . The corresponding curves never vary more than 

I 12O from the s t r a i g h t  l i n e  which corresponds t o  an approximation 

of a uniform ro t a t i on .  

2 -2  Direction of the  cur ren t  vector  averaged over a period of 

one year. 

The d i rec t ion  of the  cur ren t  vector  s h i f t s  systematical ly 

toward the  west a s  compared to  the azimuth of the sun; 

The d a i l y  va r i a t i on  of the  d i rec t ion  of  the 

cur ren t  i s  not  qu i te  l i n e a r ,  nor i s  the  variance observed between 

the  d i rec t ion  of the  current  and the azimuth of the  sun constant .  

A maximum occurs a t  an hour bordering on, an hour of minimal i n t e n s i t y  

and a minimum corresponds to  a maximum of in tens i ty .  I n  f igures  

15.1 and 15.2 the  value of  the  i n t e n s i t y  \? \ was diagramed per-  
i 

pendicular to  the  s t r a i g h t  l i n e  of  the  va r i a t i on  of the azimuth 

of the sun for  each hourly i n t e rva l .  The values of the  maximum 

and the minimum variances r e l a t i v e  t o  the s t a t i o n s  studied a r e  

assembled i n  t ab l e  6 (p. 21). 

The da i ly  var ia t ions  of the  d i r ec t ion  of the average cur ren t  

i was compared on two c lasses  of days. One corresponds t o  a weak 
I 



F i g .  15.1 Daily var ia t ion of the direct ion of the average current 
vector a t  Wilkes, The variance between t h i s  di rect ion and the 
azimuth of the sun i s  cmpared t o  the average in tens i ty  of the 
current  vector,  



Fig .  15.2 Daily variation of the direction of the average current 
vector a t  Thule. The variance between th i s  direction and the 
azimuth of the sun i s  compared to the average intensi ty of the 
current vector. 



Table 6 

magnetic a c t i v i t y  and t o  a weak average c u r r e n t ,  and the o t h e r  

corresponds t o  a s t rong magnetic a c t i v i t y .  These curves (drawn 

f o r  Vostok and Thule, fugures 16.1 and 16.2) a r e  r a t h e r  c l o s e  t o  

the  hour of maximum i n t e n s i t y ,  bu t  a t  t h e  hour of minimum i n t e n s i t y ,  

the  curve r e l a t i v e  t o  t h e  c l a s s  of weak a c t i v i t y  increases  i t s  d i s -  

tance  from t h e  d i r e c t i o n  of t h e  sun. 

It might be asked i f  t h e  l a c k  o f  r e g u l a r i t y  i n  the  r o t a t i o n  
d 

of  t h e  c u r r e n t  v e c t o r  may n o t  be the  e f f e c t  of an e r r o r  i n  d e t e r -  

mining the  undisturbed f i e l d .  The f a c t  t h a t  the  var iance  i s  maximum 

+ 
f o r  the weakest values of 1 i would l ead  t o  that  conclusion. To 

avoid t h i s  d i f f i c u l t y  the  e f f e c t  of an e r r o r  on Po w a s  sys temat ica l ly  

s tud ied .  L 



F i g .  16 .1  Daily v a r i a t i o n  of t h e  average c u r r e n t  vec to r  a t  Vostok 
f o r  t h e  c l a s s e s  of days of s t rong  magnetic a c t i v i t y  ( s o l i d  l i n e ) ,  
of weak magnetic a c t i v i t y  (dashes) and o f  average magnetic a c t i v i t y  
(dots-dashes) 



F i g .  16.2 Daily v a r i a t i o n  of the average c u r r e n t  vec to r  a t  Thule 
f o r  the c l a s s e s  of  days of s t rong magnetic a c t i v i t y  ( s o l i d  l i n e ) ,  
of  weak magnetic a c t i v i t y  (dashes) and o f  average magnetic a c t i v i t y  
(dots-dashes) 



A vec to r  which has a s  i t s  o r i g i n  Po and which tu rns  uniformly 

descr ibes  24 elements corresponding t o  24 hourly i n t e r v a l s  on 

i t s  hodograph. Beginning wi th  the  po in t  Po, each of  t h e  elements 

i s  under an angle of  15O. Therefore t h e  p o i n t  P1 which i s  a t  a 

d i s t a n c e  o f  lo1 from Po i n  the  d i r e c t i o n  corresponding t o  the  n t h  

hour ly  i n t e r v a l  a s  the  o r i g i n .  

Each element of  the  hodograph i s  seen from the  p o i n t  P1 under 

0 
an angle  which i s  d i f fe ren t  from 15 . The d i f f e r e n c e  i s  shown as 

a func t ion  of t h e  hour ly  i n t e r v a l  i n  f i g u r e  17. I n  t h e  diagram 

where t h e  d i r e c t i o n  of t h e  vec to r  as a funct ion  of  t h e  hour ly  

i n t e r v a l  i s  shown, the  r o t a t i o n  seen from Po i s  uniform, the re fo re  

represented  by a s t r a i g h t  l i n e  (dot ted  i n  f i g u r e  18) ,  and t h e  

r o t a t i o n  seen from P1 i s  represented  by a s o l i d  l i n e .  The maximum 

var iance  towards t h e  west corresponds t o  the  hourly i n t e r v a l  n, 

and t h e  e a s t e r l y  one t o  n + 12. The minimum i n t e n s i t y  i s  always 

l e s s  than 3% i n  a l l  cases .  A s h i f t  POP1 i n  the  d i r e c t i o n  o f  t h e  

minimum i n t e n s i t y  corresponds t o  a v a r i a t i o n  of an angle  o f  7.5' 

( f i g .  19 ) .  The angular var iance due t o  an e r r o r  of o r i g i n  i s  the re -  

f o r e  l e s s  than 15'. The var iances  measured a r e  genera l ly  g r e a t e r  

than 15O (see t a b l e  6 )  and the  average varience i s  53'. An e r r o r  

i n  t h e  determinat ion of the  undisturbed f i e l d  cannot ,  t h e r e f o r e ,  

@a 

expla invthe  lack  of uniformity observed i n  the  r o t a t i o n ,  u n l e s s  

i t  were  sys temat ica l ly  d i r e c t e d  according t o  the  l e a s t  in t ense  

v e c t o r ,  much g r e a t e r  than 1 0 ~ .  NO source of  systematic  e r r o r  of 



t h i s  s o r t  was seen. 

The genera1 aspects  o f  the  curves 15.1,  15 .2 ,  1 6 . 1  and 16.2 

were resumed, assuming t h a t  the  g r e a t e r  the  modulus of the c u r r e n t  

vec to r ,  t he  c l o s e r  i t s  d i r e c t i o n  w i l l  be t o  t h a t  o f  the  sun. 
J - 

dLFF6relrce ' crvec 'lSQ 
. d i f f e r e n c e  from 15O 

I hor i r e  
hour ly  interval? ! 

F i g ,  17 and 18 Comparison of  the  uniform r o t a t i o n  seen from 
Po ('----) and from Pl (-.-.I 

F i g .  19 Ef fec t  -of the s h i f t  P P i n  the  d i r e c t i o n  o f  t h e  vec to r  
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Notice the d e f i n i t i o n  of the  d a i l y  parameter Ij: 

Lebeau (1965) brought o u t  a l i n e a r  r e l a t i o n  between t h e  average 

value of  the  amplitude of  the magnetic a c t i v i t y  descr ibed by the 

l o c a l  K indexes and t h e  average va lue  of  corresponding I f o r  the  

same s t a t i o n .  This r e l a t i o n  was e s t a b l i s h e d  f o r  Dumont d l U r v i l l e  

i n  1958. The average values were taken from c l a s s e s  of  days cor-  

responding t o  t h e  increas ing  values of  I .  Here t h e  I parameter,  

day by day, the  va lues  taken f o r  d i f f e r e n t  s t a t i o n s  were c a l c u l a t e d .  

Good c o r r e l a t i o n s  lead  t o  the  cons idera t ion  t h a t  1 i s  a r e p r e s e n t a t i v e  

of phenomena a t  the  p lane ta ry  l e v e l .  Hence, i t  w a s  compared t o  Ap, 

p lane ta ry  index of  magnetic a c t i v i t y  . 

f o r i g i n :  

The values of I i n  1958 f o r  t h e  t e n  s t a t i o n s  s tud ied  and f o r  

the  s t a t i o n  L i t t l e  America (LA) were ca lcu la ted .  The uncer t a in ty  

about I r e s u l t i n g  from t h e  u n c e r t a i n t y  of  the  determinat ion o f  

the undisturbed f i e l d  i s  evaluated by t h e  average var iance  between 

t h e  va lues  of I ca lcu la ted  beginning wi th  the  o r i g i n  b f  Po and 

beginning wi th  the  po in t s  FE ~ P N ,  Pw, PS (Chapter 3 ,  1 .l) The 

c a l c u l a t i o n  was made by Vostok. 



The average variance corresponding t o  PE i s  3 . 3 ~ ,  

PN of 3.3y, Pw of 2 . 4 ~ ~  and PS of 2 . 5 ~ .  The average va r i ance  

i s  2.87; The average value I f o r  Vostok i s  9 2 . 1 ~ .  The uncer t a in ty  

about I i s ,  t he re fo re ,  on the  order  of 3%. 

2. Comparison of the  va lues  of  I f o r  d i f f e r e n t  s t a t i o n s .  

The behavior of I a s  .a funct ion  of two c h a r a c t e r i s t i c  parameters 

of a given s t a t i o n ,  the  magnetic c o l a t i t u d e  and the  geographic 

l a t i t u d e  w i l l  be made p r e c i s e .  

To i s o l a t e  the  eventual  inf luence  o f  t h e  magnetic c o l a t i t u d e ,  

the  s t a t i o n s  of t h e  same l a t i t u d e  w i l l  be grouped together ;  t h i s  

l eads  t o  the  formation of two groups among the  Anta rc t i c  s t a t i o n s .  

The s t a t i o n s  Wilkes, D 'Urvi l le ,  Oasis, and Mimy a r e  a t  a l a t i t u d e  

c l o s e  t o  66O S and the  s t a t i a n s  S c o t t  Base, Vostok and L i t t l e  

America a r e  a t  a l a t i t u d e  near  78's ( see  t a b l e  1). The s t a t i o n s  

w i l l  be compared two by two wi th in  both groups. Each day i s  

represented  by a po in t  i n  the  diagram where t h e  I va lues  r e l a t i v e  

t o  the  s t a t i o n  S1 a r e  assigned t o  the absc i s sa  and those r e l a t i v e  

t o  the s t a t i o n  S2 a r e  assigned t o  the o rd ina te  ( f i g .  20 r e l a t i v e  t o  
IS2 

Wilkes and Mirny). The average value of  t h e  propor t ion  i s  

c a l c u l a t e d  a s  the s lope  of the  s t r a i g h t  l i n e  of  the l e a s t  d i s t a n c e s  

going through the o r i g i n  drawn through these  p o i n t s ,  When t h r e e  

( s ~  four)  s t a t i o n s  a r e  used, each propor t ion  I S 2  can be compared 



f s 2  I s 3  I s 2  I s 4  
t o  x (and t o  x ) Note t h a t ,  because of  gaps 

i n  t h e  observat ions ,  these  d i f f e r e n t  determinat ions concern groups 
I 

of days which do n o t  s t r i c t l y  overlap.  

The va lues  of t h e  s lopes  of  t h e  s t r a i g h t  l i n e s  and the  va lues  

adopted f o r  each proport ion a r e  assembled i n  Table 7 .1  f o r  t h e  

f i r s t  group ( t h e  average value f o r  t h e  t h r e e  determinations was 

taken) and i n  t a b l e  7.2 f o r  the  second group. (The two determinat ions 

y i e l d  i d e n t i c a l  r e s u l t s )  ., 
It  i s  found t h a t  two s t a t i o n s  belonging respec t ive ly  t o  one 

o r  the  o t h e r  of  t h e  two preceding groups have t h e  same magnetic 

c o l a t i t u d e ;  these  a r e  Wilkes and S c o t t  Base. The values of  w i l l  

1 
! be assigned t h e  value of  1 a r b i t r a r i l y  f o r  these  two s t a t i o n s  and 

t h e  value of  I f o r  another  s t a t i o n  w i l l  be ca lcu la ted  by the  pro- - - 
T T 
I I 

por t ion  - f o r  t h e  f i r s t  group and ------ f o r  t h e  second group 
I W ~  ISB 

( t a b l e  8 ) .  

The r e s u l t  i s  shown i n  f i g u r e  21 where t h e  r e s u l t s  thus 

reduced of I as a funct ion  o f  magnetic c o l a t i t u d e  a r e  shown. It 

i s  given t h a t  the  average value of  I augments a s  the  magnetic c o l a t i -  

tude of  the s t a t i o n  diminishes.  

The group of s t a t i o n s  a v a i l a b l e  d i d  no t  permit making t h e  

e f f e c t  of geographic l a t i t u d e  p r e c i s e  i n  the same way. I n  f a c t  

only  m o  s t a t i o n s ,  Wilkes and S c o t t  Base a r e  a t  the  same magnetic 

l a t i t u d e  and a t  d i f f e r e n t  geographic l a t i t u d e s .  The propor t ion  



Imi 
F i g ,  20 = 0.936. This average proportion was detemined f o r  

the slope of the  s t r a i g h t  l i n e  of the l e a s t  
distances drawn through the  points  (Iwk9 Imi ). 
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Table 7 Values of average proportions rl for stations of the same 
la t i tude .  7 . 1  1 s t  group DU, WK, OA, M i  (geographic la t i tude  % 66O~) 

7.2 '2nd group: Vo, SB, LA 
(geographic l a t i tude  2' 77's) 

I 

,%Reduced value.  -. 
f 1 E\.*+ ~ u i \ e  

Table 8 Reduced values of.1 

Fig .  21  Reduced values of I as a function of the magnetic eolat i tude.  

The s t r a igh t  l ine  of the l e a s t  squares was drawn, 



Pwk 
of  average year ly  values '  of  I , ---------- 

ISB 
i s  equal  t o  1.09, which i n d i c a t e s  

a  weak increase  of 1 wi th  the  geographic c o l a t i t u d e  f o r  the  same 

magnetic l a  t i  tude . 

3 .  Evidences of seasonal  v a r i a t i o n s  

3 . I - .  Seasonal v a r i a t i o n  f o r  an i s o l a t e d  s t a t i o n :  

Figure 22 shows the  v a r i a t i o n s  of  I as a  funct ion  of  months 

f o r  the  s t a t i o n s  i n  the  southern hemisphere: Wilkes, Mirny, Vostok 

anci S c o t t  Base. An annual cyc le  having i t s  maximum i n  t h e  summer 

i s  very apparent and t h e  curves which correspond t o  t h e  d i f f e r e n t  

s t a t i o n s  a r e  very comparable. 

3.2 Compared v a r i a t i o n s  of  two s t a t i o n s :  

1 To compare the  seasonal  v a r i a t i o n s  of two s t a t i o n s  the  va lue  
i 

I s 2  
of the average proport ion w i l l  be ca lcu la ted  by the  s lope  o f  

1 t he  s t r a i g h t  l i n e  of the l e a s t  d i s t ances  passing through t h e  o r i g i n ,  

1 
1 passing through the  po in t s  which represent  the  days of  the  months. 

i 
I Between two s t a t i o n s  of the.same hemisphere, but  of d i f f e r e n t  
! 

1 l a t i t u d e s ,  i t  was not  poss ib le  t o  f i n d  a seasonal  v a r i a t i o n  o f  the  

propor t i o n  
I s 2  

e 

I However, the  comparison of  two s t a t i o n s  of d i f f e r e n t  hemis- 

pheres  br ings  o u t  seasonal  inf luences  which a r e  i n  phasic  oppos i t ion .  

I n  f igure  23 the  seasonal v a r i a t i o n  of the  propor t ion  which 

br ings  ou t  the  inverse  seasonal  e f f e c t s  undergone by the  I va lues  

r e l a t i v e  t o  both s t a t i o n s  i s  represented ,  The disconnect ion of t h e  

curve observed i n  December can be i n t e r p r e t e d  by the  f a c t  t h a t  the  
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I m l  
F ig .  23 Seasonal v a r i a t i o n  of the  propor t ion  c a l c u l a t e d  

by month. 



sun was always below the horizon a t  Godham ( l a t i t u d e  6 g 0 1 4 ' ~ ) ,  

the s o l a r  he ight  no longer modulates the  ionospheric  conduct iv i ty  

( Lebeau 1965). There i s  no analagous e f f e c t  i n  June a t  Mirny 

because i t  i s  a t  a lower geographic l a t i t u d e  (66'33's). 

4 .  Comparison of I t o  Ap: 

F i r s t  an average annual r e l a t i o n  between I and Ap (year  1958) 

w i l l  be e s t ab l i shed .  Next a c o e f f i c i e n t  o f  seasonal  v a r i a t i o n  w i l l  

be introduced.  

4 . 1  Average annual r e l a t i o n  between I and Ap: 

I For the  c l a s s e s  of  days corresponding t b  the  increas ing  

values of Ap, the  average va lue  o f  I w i l l  be c a l c u l a t e d .  
j 
1 For a  given s t a t i o n ,  t h e  average r e l a t i o n  between I and Ap I 
I - - 
I 
I i n  1958 i s  descr ibed by the  curve drawn through t h e  po in t s  (Ap, I ) ,  

represen ta t ives  o f  each c l a s s ,  i n  a diagram where Ap i s  assigned 

t o  the  absc i s sa  and I t o  t h e  o r d i n a t e .  The curves r e l a t i v e  t o  t h e  
I 

s t a t i o n s  s tudied  resemble each o t h e r  ( f i g u r e  24). Thei r  s lope  
I 

decreases  a s  Ap and I inc rease .  

The curves w i l l  be represented  as follows: 

O( and a a r e  ca lcu la ted  by the  s lope and the  o r d i n a t e  a t  t h e  

o r i g i n  of the  s t r a igh t  l i n e  of t h e  l e a s t  squares i n  Y dram through 



the  po in t s  (Log &, Log I) ( 

Log I = a t o e  Ap + Log a .  
- - 

The va lues  of  the  s lope  and o f  the  o rd ina te  a t  t h e  o r i g i n  of 

t h i s  s t r a i g h t  l i n e  f o r  the  d i f f e r e n t  s t a t i o n s  a r e  assembled i n  

t a b l e  10. I t  i s  given t h a t  the  va lue  of t h e  c o e f f i c i e n t  ~4 i nc reases  

a s  the  magnet iccola t i tude  of  the  s t a t i o n  inc reases ,  s i m i l a r l y  t h e  

c o e f f i c i e n t  o f  p r o p o r t i o n a l i t y  decreases  ( f i g u r e  26) . 
This means on one hand t h a t  f o r  a given va lue  of  Ap, I decreases  

a t  a  g r e a t e r  r a t e  i n  lower l a t i t u d e  s t a t i o n s  than i n  the  h igher  

l a t i t u d e  s t a t i o n s .  

The genera l  phenonomen o f  expansion of  t h e  a c t i v i t y  towards 
a 

t h e  lower l a t i t u d e s  i s  expressed here  q u a n t i t a t i v e l y  f o r  t h e  

i n t e r i o r  of the  au ro ra l  zone, where t h i s  occurs  during a  pe r iod  

of  a g i t a t i o n ,  which i s  common i n  subauroral  reg ions .  The extens ion  

of  t h i s  a n a l y s i s  towards the  lower l a t i t u d e  regions should l e a d  

t o  va lues  of o( which approach u n i t y ,  p a r t i c u l a r l y  i n  the  obser -  

v a t o r i e s  which w i l l  se rve  a s  a  b a s i s  f o r  the  c a l c u l a t i o n  o f  t h e  

Ap index, where o( should equal  1. 

4.2. Coef f i c i en t  of seasonal  v a r i a t i o n :  

To def ine  the  c o e f f i c i e n t  of the  seasonal  v a r i a t i o n ,  t h e  average 

va lue  I, of I was ca lcu la ted  f o r  each month, a s  we l l  a s  the  average 

va lue  o f  Apm of Ap. The previously e s t ab l i shed  r e l a t i o n  permi ts  a  

correspondence between Apm and an average yea r ly  value of  I : I (Ap,). 
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Fig .  24 Average yea r ly  r e l a t i o n  between Ap and t h e  va lue  of I a t  
Oasis. 

----+ -Tv- -eT-CI- *&-- ------c.-*-+ y 
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cb\%. i e f a r i t h . c r i q u r  

Fig. 25 Average year ly  r e l a t i o n  between Log Ap and Log I f o r  Oasis. 
The s t r a i g h t  l i n e  of t he  l e a s t  squares w a s  drawn. 

Log I = 0.41 Log Ap + Log 30 





Fig.  26 The value of  the  c o e f f i c i e n t  ~4 of the  r e l a t i o n  I = aAd 
3 
i 

i ncreases  wi th  the  magnetic c o l a t i t u d e .  The s t r a i g h t  

I l i n e  of  t h e  l e a s t  squares was drawn through the  po in t s  
represent ing  the  Anta rc t i c  s t a t i o n s ,  



The seasonal va r i a t i on  ~f the  coef f ic ien t :  

fo r  the  year 1958 i s  represented i n  f i gu re  27 f o r  the d i f f e r en t  

s t a t i ons .  

The di f ference  of l a t i t u d e  between two Arct ic  s t a t i ons  on 

on6 hand and the  seven Antarct ic  s t a t i ons  on the  o t h e r ,  had no 

systematic influence on the  coef f ic ien t  of seasonal va r i a t i on .  

The curves describe a maximum i n  summer and a minimum i n  winter .  

However, the average curve corresponding to  the  Arct ic  s t a t i o n s  

cannot be deduced from the  corresponding average curve of the  

Antarct ic  s t a t i ons  by a simple s h i f t  of s i x  months. Notice, 

though i t  cannot be explained, t h a t  i t s  maximum e s t i v a l  i s  wider 

than the one corresponding to  the Antarc t ic  s t a t i o n s  ( f igure  28). 

4 . 3 .  Calculation of Ap (Ij) : 

The correspondence between I and Ap i s  described, therefore ,  

f o r  a given s t a t i o n  by a curve of seasonal va r i a t i on  and the 

yearly r e l a t i on  

The da i ly  coef f ic ien t  of seasonal var ia t ion  kj i s  ca lcula ted 

by l i nea r  in terpola t ion between the values of km corresponding to  

two successive months. Prom the yea r ly  r e l a t i o n ,  Ap (Ij) whiek 

1 j i s  the value t ha t  Ap assumes when I i s  equal to - can be deduced. 
kj 



Fig. 27 Seasonal v a r i a t i o n  o f  t h e  km c o e f f i c i e n t  f o r  t h e  s t a t i o n s  
i - 
4 .  s tud ied  . 

.-- 
Fig .  28 Comparison of  t h e  average curves o f  seasonal  v a r i a t i o n  f o r  

the  Arc t i c  s t a t i o n s  ( s o l i d  l i n e )  and the  Anta rc t i c  s t a t i o n  
(dashes).  They do not  superimpose f o r  a s h i f t  of s i x  months. 



To evaluate the f inesse  of these re la t ions  s t a t i s t i c a l l y  

established, the r e a l  value of Ap was compared da i ly  to  Ap (Ij). S 
It i s  given tha t ,  except fo r  very agitated periods corresponding 

t o  loca l  disturbances which a re  more o r  l e s s  acute, the variance 

between. Ap ( I  j and Apj i s  not greater  than f . . 5 .  

The resu l t s  of the r e l a t i v e  calculations a t  Wilkes fo r  the 

month of November and a t  Thule for  the months of January, February, 

March and April w i l l  be given a s  examples (f igure 29).* 

Conclusion: 

In  t h i s  study the behavior of the hourly average values of the 

magnetic f i e l d  i n  the very high la t i tude  regions (magne t i c  c o l a t i -  

tude < 14O) was studied and t h e i r  var ia t ion was interpreted as the 

e f f e c t  of the e l e c t r i c  currents c i rculat ing i n  the ionosphere. 

This analysis was based on the concept of the undisturbed 

f i e l d  and on the determination of local  values of the undisturbed 

f i e l d .  Two differentmethods lead to  closely correlated resu l t s .  

The da i ly  maximum of the current  density whose hour approaches 

loca l  noon was established. 

For the Arctic s ta t ions  as well as  for  the Antarctic ones, 

the f a c t  tha t  the average direct ion of the currents i s  to  the 

west of the direct ion of the sun was shown. The variance between 

these two direct ions  i s  weak i n  a way tha t  i s  d i rec t ly  proportional 

t o  the in tens i ty  of the  currents.  The average var ies  between 700and 209 

T ~ e e  t r ans la to r ' s  note a t  end. 
*%e ul?trou\~la+ed Ct u r e  is supplied a n  r\erd- pole 3 



Pig, 29, ,Camparalaon des valduta jeuanallBad8 de Ap (if j (tlretd) aux valeurs r6elles d e  Ap (trait 
p l e ln ) ,  



Next the average d a i l y  value of I. of the  i n t e n s i t y  of t h e  

c u r r e n t s  was s tud ied ;  I possesses  a s e a s o n a l - v a r i a t i o n  o f  h igh  

amplitude (I winter 9 2.7)  which, i n  the  same hemisphere, is  
I summer 

only s l i g h t l y  inf luenced by the  d i f fe rences  i n  geographic l a t i t u d e ;  

t h e  average yea r ly  value of I inc reases  w i t h  the magnetic l a t i t u d e .  

Likewise,  I inc reases  wi th  Ap. It w a s  e s t ab l i shed  t h a t  the average 

y e a r l y  r e l a t i o n  between I and Ap can be descr ibed by t h e  equation: 

where a and o( a r e  c h a r a k t e r i s t i c  of  a s t a t i o n ;  a increases  wi th  

t h e  magnetic l a t i t u d e  and o( decreases .  The l a f  t e r  proper ty  can be 

expressed q u a n t i t a t i v e l y  a s  an expansion of  shee ts  of  po la r  c u r r e n t s  

toward t h e  lower l a t i t u d e s  as Ap increases .  It would be i n t e r e s t i n g  

t o  research  the  problem of whether o r  no t  the  behavior can be shown 

i n  the  same way i n  a u r o r a l ,  subauroral  and temperate regions .  

Taking i n t o  account on one hand the seasonal  v a r i a t i o n  and 

the  r e l a t i o n  between I and Ap on t h e  o t h e r ,  it w a s  shown t h a t  i t  

would be poss ib le  t o  e s t a b l i s h  a va lue  approaching Ap beginning 

wi th  observed I .  
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Appendix 1. The s t r a i g h t  l i n e  of the shor tes t  distances drawn through 

a cloud of points:  

A s t r a i g h t  l i n e  fo r  which the  sum of the squares of the Eu- 

c l i d i an  dis tances  from the points  of observation to  the  s t r a i g h t  

l i n e  would be minimal was searched. This quanti ty w i l l  be assigned DZ. 

It was shown t h a t  the  minimal minimorum of D2 i s  achieved when 

the  o r i g i n  i s  taken a t  the  barycenter.  

1. Calculation of D2 - the o r ig in  i s  a r b i t r a r i l y  chosen: 

N i s  the number of observation points ;  xr, yr a r e  the  co- 

ordinates  of the  points  and dr i s  the  Euclidian distance of  the  

point  Pr a t  the s t r a i g h t  l i n e  oE the  slope a,  passing through 

the o r ig in  2 - (yr - axr)  2 - . . - 
I. + a2 

2 - ~2 = I: dr - 

2 The va r i a t i on  of D i s  studied a s  a function of a 



2 
D i s  minimal when the value aopt i s  taken 

3 
1 2 .  Research of the  minimum minorum of D ~ :  
I 

The coordinates of the  po in t s  assigned to  the o r i g i n  taken 

2  a t  the barycenter a re  q9 Yr.  The corresponding value of  D ,in is 

2 
represented a s  D b-min. 

Beginning with the  o r i g i n  taken a t  (a, o) the coordinates are:  

which leads to :  

i 2 
The value which corresponds t o  D min 2  

1 is represented by D al-min. 

2 and D q-min a re  compared. 
b -min 



2 It i s  e a s i l y  seen t h a t ,  whatever not  nu l ,  D d-min 
2 
b-min' 

The s t r a i g h t  l i n e  of the  l e a s t  d is tances  passes through the barycenter.  

Appendix 2 Data recorded on d i g i t a l  tape: 

The average hourly values of the  X (north) and Y (eas t )  components 

of the hor izonta l  components of the  magnetic f i e l d  were recorded on 

tape,  on one hand f o r  the  15 polar  s t a t i o n s  during 1958, and on the  

other  f o r  the s t a t i o n  Godhavn f o r  15 years from 1950 t o  1964. Each 

Each s t a t i o n  i s  designated by a code number of four f igures  

t ha t  correspond to  the  number given t o  the  s t a t i o n  during the  I n t e r -  

na t iona l  Geophysical Year (Annals of the  I G Y  1964). 



Each year of d a t a  i s  composed o f  367 blocks of 49 words. The eon ten t s  
1 of  each block a r e  given i n  the  fol lowing t a b l e .  

the x and y components 

values are recorded 

42 time the value of 0 

if no observation is missing that day 
if one or more observations are missing that day 

The hourly values of Y 
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Some confusion may exist in the use of sub letters and 
numbers, due to inconsistencies in the original French manuscript. 

Reference is made to Fig. 29; however, there was no correspond- 
ingly numbered figure in the illustrations. 


